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Abstract
	The study throws light on the production of betalaines from hairy roots of        B. vulgaris and biotransformations using C. frutescens normal roots for the production of vanillin related metabolites. Various aspects viz. polyamines, MJ and down stream process methodologies have been studied to enhance the metabolite production.

	It may be concluded from the present study that hairy roots can be used as a potential system for the production of betalaines. The organized nature and stable metabolite production makes them more amenable for bioreactor cultivation and scale-up studies. Among all bioreactors studied, acoustic mist bioreactor performed well with high growth and metabolite production. There was no mass transfer limitation observed in the acoustic mist bioreactor unlike others such as nutrient sprinkle and bubble column reactors. Osmolarity measurements proved reliable than conductivity for indirect estimation of biomass when the hairy roots were cultivated in bioreactor systems. 

	The studies on product enhancement (polyamines and MJ) and on-line extraction of pigment (using CTAB) provided an insight for integrating unit operations and developing a process for continuous operation and higher production of phytochemicals in bioreactor systems. In the present study it was found that the roots were still viable and showed normal growth even after CTAB treatment (0.002%) which would be an important observation to make this process a continuous one. 

	This study has shown the production of DOPA and dopamine, which are very important pharmaceutical compounds from hairy roots of B. vulgaris. Further studies with tyrosine feeding led to higher production of DOPA and dopamine. This study is of importance in understanding the biosynthetic pathway of betalaines derived from DOPA and dopamine. Use of oxygenase inhibitors such as caffeic acid and catechin formed the basis to envisage the enzymatic pathways in betalaine production. The higher production of DOPA and dopamine under the influence of caffeic acid and catechin might be because of the inhibitory action of these chemicals on tyrosinase preventing further conversions.

Future work would be oriented to the studies on metabolic block of enzymes such as DOPA dioxygenase to produce more DOPA, which is an important pharmaceutical compound.  Antisense RNA methodology for the enzyme DOPA dioxygenase would also be helpful probably leading the higher production of DOPA and dopamine.

The studies on biotransformation of phenylpropanoid compounds to various vanillin related metabolites using C. frutescens normal roots led to understand the biosynthetic pathways involving various chemical reactions. 

The higher biotransformation rates in cultures fed with ferulic acid complexed with BCD would be because of the increased solubility and availability of precursor. The formation of vanillin from ferulic acid might be via feruloyl-CoA through a reaction similar to -oxidation of fatty acids. Vanillic acid was formed by further oxidation of vanillin, whereas reduction yielded vanillyl alcohol. In the present study, biotransformation resulted in higher concentrations of vanilla flavour compounds in the medium than in roots. Thus, it would be appropriate to use a bioreactor system for down stream processing of the biotransformed products. The formation of vanillin from protocatechuic aldehyde involved O-methylation reaction and oxidation to produce vanillin and protocatechuic acid respectively.

It was observed that ferulic acid formation was more in the early stages after caffeic acid feeding as reflected by O-methylation reaction. When MJ was fed along with caffeic acid, it probably enhanced the CAOMT activity leading to increased biotransformed product. Further, ferulic acid upon oxidation probably led to vanillin production along with other metabolites. Veratraldehyde fed cultures showed maximum vanillin accumulation than other precursors. Veratraldehyde was demethylated to vanillin and parahydroxy benzoic acid. 
There was no capsaicin accumulation recorded in the studies indicating the non-existence of capsaicinoid synthase that is considered as a key enzyme in the synthesis of capsaicin.  The efficiencies of biotransformation in all the biotransformation studies ranged from 2-9% suggesting the possible channeling of precursors resulting in the accumulation of other compounds such as lignin.

Further work would involve the use of inhibitors of lignin biosynthetic pathway to divert the phenylpropanoid precursors to vanillin related metabolite pathways.






















